Introduction
The level at which Se becomes toxic to swine is suggested to be approximately4 to 5 /ag/g of diet by the National Research Council (NRC, 1983) . Diet composition and other factors may alter the toxic level. Rats tolerated higher levels of selenium in wheat-based diets than in corn-based diets (Palmer et al., 1983) . Moxon and Mahan (1981) reported that 5 btg/g of Se in corn-soybean meal diets caused reduced growth and feed intake of swine. How~Published with the approval of the Director of the South Dakota Agr. Exp. Sta. as Pub. No. 1965 ever, Goehring et al. (1984) did not observe any effect on performance of pigs fed wheat diets containing up to 8.3/~g/g of Se.
The purpose of this experiment was to obtain further information on the level that Se becomes toxic to growing swine fed cornsoybean meal diets and to determine which variable is the best indicator of chronic selenosis.
Materials and Methods
Ninety-six weaned, crossbred pigs averaging 8.0 kg initially were used in a 5-wk growth experiment. The white or black and white pigs were out of crossbred sows of mixed breeding and sired by Hampshire and Chester White boars. Eight barrows and eight gilts were allotted on the basis of weight and ancestry to each of six sodium selenite treatments that were replicated four times. Pigs were housed four per pen in an environmentally controlled nursery with pens having plastic or plasticcoated expanded metal floors.
Dietary treatments 1 through 6 consisted of a corn-soybean meal fortified diet supplemented with sodium selenite at levels of 0, 4, 8, 12, 16 and 20 /ag/g Se, respectively. Composition of the experimental diets is shown in table 1.
Blood samples were collected from the anterior vena cava of all pigs at termination of the experiment. Inidividual blood samples were analyzed for Se, packed cell volume, hemoglobin, glutamic-oxalacetic transaminase (GOT), glutamic-pyruvic transaminase (GPT) and glutathione peroxidase (GSH-Px). Procedures for the determination of the above blood variables were reported previously . Hair samples were collected at termination from the dorsal-midline of all pigs and analyzed for Se.
Pigs were evaluated daily for external signs of Se poisoning. Those pigs displaying external signs of selenosis were necropsied at the conclusion of the growth experiment at the South Analysis of variance was performed using a least-squares procedure (SAS, 1979) . Single degree of freedom orthogonal polynomial regression analysis was used to examine the linear, quadratic and cubic effects of dietary Se treatment.
R esu Its
Growth rate and feed intake decreased linearly (P<.01) as the result of adding increasing levels of sodium selenite to the diet (table  2) . Five pigs fed diet 6 (20 ~g/g added Se) and two pigs fed diet 5 (16 #g/g added Se) lost weight during the 5-wk experiment. Pigs fed diets containing 8 or more /ag added Se/g showed a definite aversion to the diets and feed wastage was a problem throughout the experimental period. Feed/gain increased numerically as supplemental Se level increased. However, feed conversion data were not statistically analyzed because of a negative feed/gain value (weight loss) for one replication of pigs fed diet 6. Therefore, feed/gain data were calculated by dividing total feed intake by net gain for all pigs per Se treatment.
Blood composition and Se content of hair are shown in table 3. Hair Se concentrations increased quadratically (P<.01), while blood Se increased linearly (P<.01) as the level of supplemental Se increased. Cell volume and hemoglobin levels did not differ among treatments. There were no differences between barrows and gilts in any of the variables studied.
The effect of supplemental Se on blood enzyme activity is shown in table 4. Cellular CStatistical analysis was not performed due to a negative feed/gain value for one replication of pigs fed 20 #g/ g Se. Feed/gain data are presented as total feed intake/net gain for all pigs per Se treatment. GSH-Px increased quadratically (P<.01), while plasma GSH-Px, plasma GPT and GOT increased linearly (P<.01) as the level of supplemental Se increased. Two pigs fed diet 4 (12 ~g/g added Se) developed hoof lesions during the fourth week. The hoof lesions began as an inflamation around the coronary band, followed by a separation of the hide and hoof with gradual sloughing of the hoof wall. All four feet of both pigs were severely affected by the end of the experimental period. One pig fed diet 6 (20 /ag/g added Se) developed paralysis of the rear quarters at the end of the third week of experimentation. Bilateral symmetrical malacia of the gray matter of the ventral horns was observed upon necropsy.
Discussion
Pig performance data indicated that the level of supplemental sodium selenite required to produce a reduction in growth rate and feed intake was between 4 and 8 /ag/g Se when feeding 20% protein corn-soybean meal diets. This finding is in agreement with that of Moxon and Mahan (1981) who found that 5/~g/g of Se in a 20% protein corn-soybean meal diet caused a reduction in growth rate and feed intake of weanling swine. In contrast, Goehring et al. (1984) reported the level of dietary Se required to produce a reduction in growth rate and feed intake is greater than 8/~g/g when pigs were fed 21% protein diets containing 35% wheat, 20% oats, 17% corn and 25% soybean meal. Palmer et al. (1983) found corn-based diets containing Se were more toxic to rats than those based on wheat, regardless of whether Se was in the form of sodium selenite or naturally occurring Se. A difference in susceptibility to Se toxicity has also been shown to exist among pigs of different hair color . Red pigs fed corn-soy diets containing 8 aGlutathione peroxidase (GSH-Px), glutamic-oxalacetic transaminase (GOT) and glutamic-pyruvic transaminase (GPT). bLinear effect (P<.01).
CQuadratic effect (P<.01).
/ag/g Se developed severe selenosis, while black or white pigs were only slightly affected.
Previous research indicated some pigs were more susceptible to Se poisoning than others (Wahlstrom et el., 1955; Wahlstrom and Olson, 1959) . Some pigs in this experiment were more susceptible to Se poisoning than others as indicated by the occurrence of hoof lesions, posterior paralysis and weight loss when fed the higher Se diets. The extremely poor gain of those pigs fed 16 or 20/2g/g Se appeared to be due to starvation because of feed refusal. Pigs fed diets containing 20 /ag/g Se had an extremely poor feed conversion. It appears that the small amount of feed consumed by these pigs met little more than their requirement for maintenance. In addition, excessive feed wastage was a contributing factor to poor feed efficiency.
Pigs fed 8, 12 or 16 /2g/g Se had hair Se concentrations in excess of 10/ag/g. Olson et el. (1954) reported hair Se levels from 5 to 10/2g/g indicated a potential chronic selenosis problem, while levels over 10 /~g/g indicated chronic selenosis could be expected. In studies reported herein, pigs fed 20/ag/g Se had less than 10/ag/g Se in the hair. This low concentration was apparently a result of the low feed intake due to diet refusal by this group. Although these pigs were fed the highest dietary Se level in this experiment, total Se intake was less than for pigs than consumed more of the diets containing lower levels of Se.
Data from this experiment indicate blood Se to be a sensitive index of excessive dietary Se intake. Blood Se concentrations in this study were similar to those reported by Goehring et el. (1984) . These authors fed diets containing wheat, oats, corn and soybean meal and showed blood Se concentration was unaffected by Se source.
Packed cell volume and hemoglobin levels of pigs in this experiment were well within normal ranges for these hematological variables (Kaneko, 1973) . These results are in agreement with data of Herigstad (1972) and Harrison et el. (1983) who reported no abnormality in cell volume or hemoglobin level of pigs suffering from Se poisoning.
Blood GSH-Px increased quadratically (P< .05) as supplemental sodium selenite increased. However, this enzyme does not appear to be a sensitive index of excessive dietary Se intake. Blood enzyme data demonstrate that excess sodium selenite elevates GSH-Px to a level that is possibly greater than the animal's physiological requirement of this enzyme.
Although the levels of plasma GOT and GPT increased linearly (P<.01), they were not increased to the extent that organ damage should be expected. In humans, liver necrosis may increase serum GPT to 4,000 S-F units/ml, depending on the extent of damage (Sigma Chemical Co., 1980) . In addition, serum GOT may reach 200 S-F units/ml after heart damage.
Two pigs fed 12/2g/g Se developed hoof lesions during the fourth week of experimentation. This observation is consistent with descriptions of hoof lesions typical of chronic selenosis (Schoening, 1936; Moxon, 1937; Miller and Schoening, 1938; Trelease and Beath, 1949; Wahlstrom et el., 1955 Wahlstrom et el., , 1956 Wahlstrom and Olson, 1959; Harrison et el., 1983) .
One pig fed 20 ~g/g Se developed paralysis of the hind legs due to bilateral symmetrical malacia of the gray matter of the ventral horns. This condition developed suddenly during the third week of experimentation. Harrison et el. (1983) observed a similar paralytic condition in growing pigs fed Se at levels ranging from 19 to 24 /2g/g. Posterior paralysis has also been reported in growing pigs fed 50 ~g/g Se (Wilson et el., 1982) .
